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Introduction
RecentlyricecultivationfarminginJapanhasbeenbesiegedwitha
hostofproblems,both㎞thecou皿tryandoverseas,Nowadays.forfarmers,
low-cost,laborsavingcultivationofriceisoneofurgentproblems.
Therefore,itmaybenecessarytoplacemuchmoreemphasisonresearchof
no-tilleddirectseedingortransplantingtopromotethedevelopmentofa
low-costtechnology.However,therearestillsometechnicalproblemsin
no-tilleddirectseed血gcultu■eofthericeplant:Iowpercentageofseedling
est・b1拍hm・nt'1・w・伽 ・n・y・f・pPli・dNf・・tili・r・'・nddiffi・ultyfg・
poorlydrainedsoil.Ontheotherhand,thecombinationoftheno-tillage
(NT)transplantingsystemofricedevelopedattheOgatabranchof
Agriculturalstation,andatotalsinglebasalapplicationofcontrolled
availabilityferfilizer(CAFjinanurserybox,developedbytheExperimental
FarmofTohokuUniversity,couldimprovelaborcosttoagreatextentby
eliminatingtillage,paddling,top-dressingandthemid-summerdrainage
process.However,thissystemwaspracticedonlyinpoorlydrainedgley
soil,becausethissystemisnotsuitableinhighlypercolatedsoil.However,
thereaxenostudiesaboutthissystemforlighttexturedsoil.
Ontheotherhand,nowadaysforfarmersthequalityofriceis
becomingagreaterissuethanquantity.However,currently,thereisno
highqualityriceandlow-cost,laborsavingcultivationmethod,whichis
recommendedforcultivationincoldregions.
Thereforeconsideringthethingsmentionedabove,thefollowing
experimentswereconductedI)Establishmentoftheno-tillagetransplanting
cultivationofHitomeborericeindifferentsoilconditionsandII)
Establishmentofcultivationmethodsofhighqualityrice"Hitomebore"in
coldregions.
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1)Establishmentofthenoロtillagetrallsplanti:ngcultivationof
Hitomeborericeindifferentsoilconditions.
No-ti皿ageαansplantingcultivationofhighqualityrice(0γンzμ5語 槻
L.cv.Hitomebore)wasconductedusingcontrolledavailabilityfertilizer
(CAF)toreducelaborcostsandenvironmentaldegradationonthree
differentpaddysoils.Thepurposesofthischapteraretostudy1)effectsof
theno-t皿agesystemontheoxidation-reductioncondi琶onofpaddysoi1,2)
nitrogenuptakeofthericeplantandefficiencyoffertilizernitrogenfrom
CAF,3)growthcharacteristicsandyieldofrice,4)effectsoftheno-tillage
systemonsoilphysico-chemicalproperties,and5)improvementofthe
ir面algrowthofthericeinno-ti11agetransplantingsystem.Theresults
obtainedaresummarizedasfollows.
1-1)Ef#ectsoftheno-tillagesystemontheoxidation-reductioncondition
ofpaddysoil.
Redoxpotentialsatthe5cmdepthintheno-tillagesystem(NT)
remainedrelativelyhigherthanthoseintheconventionaltillagesystem
(CT)withorwithoutstrawattheearlygrowthstage(Fig,1-1).Reflectingthe
differenceofredoxpotential,theamountsofextractedFe2+andavailableP
inNTwerelowerthanthoseintheCTwithorwithoutstraw.
Consideringtheresultsofredoxpotential,extractedFe2+andavailableP,it
wasconcludedthattheoxidativeconditionintheNTsystemmaintainsfor
alongertimethanthat㎞t血e(〕 『system・
1-2)Nitrogenuptakeofthericeplantandefficiencyoffertilizernitrogen
ThecumulativeNreleasefromthePOCUS-100wasonly3-3.5%
duringthenurserystage.Aftertransplanting,therateofNreleasefrom
POCUS100groduallyincreaseddu血gthetiUehngstageandyoungPar旺de
formationstage(Fig.1-2).
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NitrogenrecoveriesfromPOCUS100intheNTandNTSsystem
were77-79%and78-83%,61-73%and66-78%,and74-76%and80-81%for
lightclaysoil,sandyloamsoilandclayloamsoil,respectively.Whichis
around66-96%ofthenitrogenreleasedfromCAF.Ontheotherhand,
nitrogenrecoveriesfromammoniumsulfateappliedasbasalfertilizerin
theCTSsystemwere35-43%,20-29%and23-32%forlightclaysoil,sandy
loamsoilandclayloamsoil,respectively.Whereasthoseappliedastop
dressingwere50-83%,49-73%and40-65%(Fig.1-3).Thesedataindicatethat
theapplicationofPOCUS100inthenurseryboxfortheNTandNTS
systemincreasestherecoveryofnitrogenfromfertilizertoagreatextent
incomparisonwithammonium .sulfateintheC'TSsystem,andthuscould
reduceremarkablyenvironmentaldegradationcausedbyfertilizer
nitrogen.
1-3)Growthcharacteristicsandyieldofriceinthreedifferentpaddyfields.
ThetilleringcapacityofthericeplantintheNTtransplantingsystem
wassmallerthanthatoftheCTtransplantingsystem.However,the
percentageofproductivetillerswaslargerintheNTtransplantingsystem
inalltypesofsoil.Thenumbersofproductivetillersperm20fNTS
treatmentsofalltypesofsdilwerelargerthanthoseofNTtreatments
(Fig.1-4).TheleafcolorvaluesofriceplantatearlygrowthstageinNT
transplantingsystemwerelowerthanthoseofC'Ttransplantingsystem.
TheyieldsofbrownriceofNTandCTtreatmentswere5.58-5.93 .and
5.67-6.07ton/ha,5.47-6.35and4.68-6.60ton/ha,and5.18-6.34and4ユ3-6.74
ton/hainlightclaysoil,sandyloamsoilandclayloam,respectively(Fig.1-
5).Comparingtheaveragedyieldovertwoseasons,NTtreatments
produced-1%,8%and25%highergrainyieldthandidCTtreatmentsin
lightclaysoil,sandyIoamsoilandclayloamsoil,respectively.
1-4)Effectsoftheno-tillagesystemonsoilphysico-chenucalproperties.
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ThesoilorganicCatO-2cmdepthinNTStreatmentsoflightclaysoil
andclayloamsoilafter2yearsoftheNTtransplantingsystemwere
significantlyhigherthanthoseinNT,CTandCTStreatments(Fig.1-6).Total
NconcentrationscloselyfollowedthepatternobservedfororganicCinall
typesofsoilstudied.
Soilpenetrationresistances(SPR)atthetopO-5-cmand5-10-cm
layersinalltypesofsoilweresignificantlyhigherinNTtreatmentsthanin
CTtreatments,whichmeansintheNTsystem.muchmoreadequate
machineryworkcouldbedoneregardlessofclimaticconditions(Fig.1-7).
PercolationratesoftheNTsystemwere4,14and18mmperdayinlight
claysoil,sandyloamsailandclayloamsoil,respectively.Whereasthoseof
theCTsystemwereO,7and12mmperday(Fig.1-8).However,percolation
ratesoftheNTsystemwerestilllessthan20-3dmmperday,whichis
recommendedasanadequatepercolationrateforhighyieldingpaddy
soil.Thislowerpercolationrateinsandysoilwasverifiedbytheresultsof
thepercolationratesof8representativesandypaddyfieldslocatedin
naturalleveeofEairiver,Furukawa(TableI-1).itwasfoundthatthe
averagedpercolationrateinsidethecylinderwas7mmperday,whichwas
onlyonethirdofthatoutsidethecylinder.Alargeportionoftheirrigation
waterwaslostduetosurfacerunoff.However,theywerestilllessthanthe
valuerecommended.Therefore,itseemsthatafterCTpractice,theNT
transplantingsystembyusingCAFishighlyfeasibleeveninlighttextured
sandypaddyfields.
1-5)lmprovementoftheinitialgrowthofriceintheno-tillagetransplanting
system
POCU-100rPOCU-30(shortreleasetypeofCAF)incombinationwith
POCUS100wasremarkablymoreeffectiveinincreasingthenumberof
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tillersthanthoseinthePOCUStreatments(Fig.1-9),reflectingtherapid
releaseofNfromPOCU-100r30attheinitialgrowthstage.
TheNrecoveriesfromthelineartypeofPOCU10andPOCU30at
theyoungpanicleformationstagewere41and30%,35and27%,and33and
34%ノ ㎞Hghtdayso丑,sandyloamso丑anddayloamso丑,respecdvely.At
theharvesttime,theywere53and53%,69and53%,and51and68%in
lightclay,sandyloamandinclayloam,respectively(Fig.1-10).
TheyieldsofbrownriceofNT30andNTS30werealmostthesameor
higherthanthoseofNTorNTS,whereasthoseofNT100rNTSIQtended
tobelowerbecauseofafewernumberofspikeletspermz(Fig.1-11}.
Fromaboveresults,itisconcludedthattheshiftingfromtheCT
systemtotheNTtransplantingsystemofracecultivationbyusing
controlledavailabilityfertilizerinanurseryboxishighlyfeasible,notonly
inheavytexturedsoil,butalsoinlighttexturedsoil.
II)Establishmentofcultivationmethodsofhighqualityrice
"Hitomebore"incoldregions.
Establishmentofcultivationmethodsofhighqualityrice(Oryzasativa
L.cv.Hitomebore)incoldregionsusingpotmatureseedling,wasstudied
withspecialrefgrencetoqualityofriceandlaborsaving,andfollowing
experimentswereconductedattheExperimentalFarmofTohoku
University(Kawatabi,Naruko,Tamatsukuri,Miyagiprefecture)
1}Improvementoftheheadingtimeof"Hitomebore"riceincoldregions.
2)Establishmentofcultivationmethodsof"Hitomebore"riceincold
regions
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3)Establishmentofno-tillagetransplantingcultivationof"Hitomebore"
ricewithasinglebasalapplicationofCAFinpotseedlingboxesincold
regions.
II-1)Improvementofheadingtimeofhighqualityrice"Hitomebore"in
coldregions.
Theheadingdateofriceinpotseedlingplots(4.8-6.20fleafage)was5
daysearlierthanthoseinmatseedlingplots(3.7-4.30fleafage).The
cumulativetemperaturesfor40daysaftertheheadingofriceinpot
seed㎞gswere20-26(℃ ・higherthanthose㎞matseed㎞gs〈TableH-1).The
earlytransplantingofpotseedlingsofHitomeborericeonthe7thofMay,
putforthitspanides5daysearlierthanthatofthelatetransplant血gon.
the14thand21stofMay.Latetransplantingofpotseedlingsdecreasedthe
numberofleavespershoat(15.2and14.7ixi1992and1993,respectively)
whencomparedtoearliertransplantedones(16.Oand15.Oin1992and1993
respectively)(TableII-2).Thecumulativemeanairtemperatureforthe40
daysa血erheadingofthericeinthepotseedlingsplotwas9-320Cgreaterin
earliertransplantingthanthatinlatetransplanting(TableII-2).
Therefore,improvementoftheheadangdateofHitomeboreincold
regionscouldbehighlypossiblebyearlytransplantingofpotmature
seedlings.
II-2}E・t・bli・hm・nt・f・ultivゆn血・th・d・・fhighqmlity
.・i・e
"Hitomebore"incoldregionsbyusingpotseedlings.
Thenumberofleavespermaincalmwaslargerinthepotseedlingplot
thanthatofthematseedlingplot(Fig.II-1).Thetilleringcapacityofpot
seedlingswassmallerthanthatofmatseedlings,butthepercentageof
productivetillerswaslargerinpotseedlings(Fig.II-1).Thenitrogen
percentagesofeachpartofthericegrowninthepotseedlingplotwere
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lowerthanthoseinthematseedlingplot(Fig.II-1).Thenitrogen
percentagesofbothpanicleandmilledriceofthepotseedlingplotwere
lowerthanthoseofthematseedlingPlot(Fig,皿 一2),andthereforethe
qualityofmilledricewasimprovedonthebasisofnitrogencontent.Yields
ofriceinthepotseed㎞9Plotranged丘om4・45-6・79t/ha・Thehighestyield
ofthepotseedlingplotwasobtainedinPOCUdenseplantingcultivation,
whichwasstatisticallysimilartothehighestyieldofthematseedlings
(Fig.II-3).
Therefore,theyieldandqua趾yofHitomeborericeincoldregionscan
beimprovedbypotmatureseedlingcultivationincombinationwith
PolyolefinCoatedUreaanddenseplanting.
II・3}Es崩s㎞entofnか 憾Hage旋a皿splan廿ngc曲a廿onofhighquality
rice"Hitomebore"withasinglebasalapplicationofCAFinpotseedlingbox
incoldregions.
T'helineartypeofPOCU30,incombinationwithPOCUS100and
POCUSS100asabasalfertilizer,increasedthenumberoftillersatthe
initialgrowthstage(Fig.II-4).Theresultofheadingtimeofpotseedling
wassameasin1992and1994.ThebrownriceyieldsofalltheNTsystems
POCU(S100+30},POCUS100,POCU(SS100+30)andPOCUSS100were
5.23-6.16t1㎞融hwasq血tea㎞ghyieldcom圃to止atolthe㎜
S100-CTsystem(4.52t!ha)(Fig.H-5)・
Fromaboveresults,itwas.concludedthattheno-tillagetransplanting
systemofpotseedlingswithasinglebasalapplicationofPOCUS1000r
POCITSS100incombinationwithPOCLT30inanurserybox,isasuitable
methodforimprovingboththequalityandquantityofrice,andLaborcost
incoldregions.
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Chapter-1:Establishmentofno-tillagetransplantingcultivationof
"Hitomebore"riceindifferentsoilconditions
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論 文 審 査 結 果 要 旨
本研究は肥効調節型肥料 と不耕起栽培による良質米"ひ とめぼれ"の 環境に考慮 した低 コス ト・省
力栽培を土壌型に対する適用性 と中山間地の栽培法の改善を中心 として検討 したものである。
まず第一に,異なる土壌型における良質米"ひ とめ醸れ"の 全量苗箱施肥不耕起移植栽培を検討
し,次の点を明らかにした。不耕起栽培の作土層はいずれの土壌型においても耕起土壌に比べて,よ
り長期間酸化状態が維持され,こ のことが根の活性を生育後期まで維持していることを明らかにした。
また,不耕起栽培の水稲の由来別窒素吸収:量を重窒素 トレーサー法で検討 し,不耕起栽培の水稲は相
対的に土壌由来窒素より肥料由来窒素を多 く吸収すること,不耕起栽培に用いた時限式の肥効調節型
肥料の利用率は,耕起栽培の硫安 より著 しく高い利用率を示す ことより,本農法は窒素肥料による環
境汚染を軽減することが可能であることを明らかにした。 さらに,不耕起栽培の水稲は地力の発現が
少なく初期生育が遅れるが,肥料の溶出特性を反映 し,秋優 り型の生育をするため収量的には耕起栽
培 と同じか,む しろ増収することを明らかにした。 しか しながら,この初期生育の遅いことが農家へ
の普及を妨げていると考え,溶 出期間の短い肥料を移植直前に上乗せすることで初期生育を改善する
方法を開発した。一方,従 来,土 壌型との関係では透水性の悪い湿田への適用のみが推奨されていた
が,黒 ボク土水田や 自然堤防地帯の砂質水田の透水性を詳細に検討 し,本農法は湿田のみならず,乾
田を含 めたいずれの土壌型にも適用できる方法であることを明らかにした。さらに,不耕起水田の貫
入抵抗性を耕起水田と比較 し,不耕起水田は栽培期間中を通 じて地耐力に優ることを明らかに し,田
植えや収穫などの機械作業が適期に可能な農法であることを明らかにした。
第2に は寒冷地における良質米"ひ とめぼれ"の 栽培法を検討 し,次の点を明らかにした。ひとめ
ぼれの温度感応性を活用し,葉齢の進んだポット苗の早植えで出穂時期を改善できること,このこと
によって出穂後40日間の積算気温を高め寒冷地における良質米の生産が可能であることを明らかにし
た。また,ポ ット苗栽培はマ ット苗栽培に比べて最終的な葉数が多 くな り,玄米の窒素濃度を低下さ
せ米質を改善 した。さらに肥効調節型肥料と密植栽培を組み合わせることによって収量性を改善する
と共に,時限式の肥効調節型肥料 と溶出の短 い直線型肥料を組み合わせることによりポット苗の全量
苗箱施肥不耕起移植栽培を開発 した。
以上のように本研究では水稲の省力低コス ト栽培である全量:苗箱施肥不耕起移植栽培が土壌型を問
わず,い ずれの土壌にも適用できることを明らかにし,また初期生育の改善法を開発 した。更に,中
山間地における良質米の低 コス ト省力栽培技術を開発 した。これらの結果はわが国の農業生産 と環境
保全に大きな貢献をするものと考えられ る。 よって,審 査員一同は本論文提出者を博士(農学)の 学
位を授与するに値するものと判定した。
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